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Abstract  
The internet of things has enabled integration of processes, people and technology which govern 
information and data flows between organisations, assets and consumers, creating expectations 
that in a digital world real time data and information is available for simultaneous timely 
decision making between such stakeholders. This paper explores the gaps when integration 
theory is applied to such a context and the research of people organisation and technology 
factors to close such gaps.  Based on Delphi survey findings, this paper concludes by proposing 
a framework to extend integration theory to innovative collaboration in the ubiquitous computing 
and information environment across the asset infrastructure supply chain. 
Keywords: Integration theory, Convergence, Alignment, Integration, Operations 
Management 
 
1 INTRODUCTION 
The importance of technology, organisation and people factors has been described in integration 
theory, evolving from the organisational theories of Leavitt and Whisler (1965) and Rockart (1979) 
and subsequent contingency theories such as Henderson and Venkatraman (1993), Donaldson (2001) 
and Drazin and Van de Ven (1985).  Studies such as benefits realisation by Peppard and Ward (1999), 
alignment by Reich and Benbasat (2000), collaboration across the supply chain (Straub, et. al 2004; 
Fawcett, et. al 2012) and Melville’s (2004) resource based view of the firm have further made 
significant contributions to identifying how organisations can leverage factors and therefore fast track 
integration.  Such studies traditionally focus on marketing, manufacturing, finance and information 
technology (Sethi and Sethi, 1990; Straub, et. al 2004; Fawcett, et. al 2012) parts of the organisation 
and do not reflect a digitally connected supply chain.  The supply chain referred to is where assets, 
such as electricity generation or water management and supply, provide information and data from 
and to devices such as sensors and mobile phones simultaneously to and from the electricity 
generator, water pumps, service supplier and maintainer, retailer and consumer components of the 
supply chain.  Such a context is hereafter referred to as the asset infrastructure context. The following 
paper proposes an extension of integration theory to include such a context. 
2 INTEGRATION THEORY APPLICATION ACROSS SUPPLY 
CHAIN 
2.1 Integration theory 
Integrating technology, organisation and people factors for improved performance is facilitated by the 
extensive body of work of integration theory (Lawrence and Lorsch, 1967; Thompson, 1967; Ketokivi 
and Schroeder, 2004; Henderson and Venkatraman, 1993), the realisation of benefits when business 
areas such as marketing, payroll and manufacturing align and integrate with information technology 
(Reich and Benbasat, 1996; 2000 and Peppard and Ward, 1996; 1999), successful collaboration 
factors across the supply chain (Straub et. al, 2004;Fawcett, et. al)   and a resource based view of the 
firm (Melville, 2004), related to organisational Whisler’s (1965) and Rockart’s (1979), contingency 
theory (Donaldson, 2001; Ketokivi, 2006; Drazin and Van de Ven, 1985) and therefore continues to 
be an important focus in the discipline of information system research. Technology, organisation and 
people factors
1
, such as choice of hardware, software, communication protocols, management support, 
training and factors of employee groups such as engineers and technologists influence integration 
dimensions, described in the literature as convergence
2
, alignment
3
 and integration
4
. 
2.2 Application across the supply chain 
It is important to consider extending integration theory to such a context as the advancement of large 
system integration, enabled by enterprise information architecture, many organisations are 
incorporating embedded and small scale information systems that are worth $600 billion dollars in 
Australia alone (Australian Asset Management Collaborative Group, 2011).  Problems arise when 
existing integration literature is applied to the context and the three main areas are discussed next.  
                                                          
1
 Defined by Davenport et. al. 1998 as Technology is infrastructure including common technologies for desktop 
computing and communications; Organisation is establishing roles for people and groups to serve as resources 
for particular projects such as senior management support and People includes types of staff such as Senior 
Managers  
2
 Defined by Hoque et al (2005) as business and technology activities intertwining and leadership teams interchangeable  and 
Steenstrup (2008) as Operational and information technology share same client, server, network tiers IT and IP based 
activities often undertaken by vendor 
3 The focus of the study by Reich and Benbasat (1996) who define alignment as “the degree to which IT mission, objectives, 
and plans support and are supported by mission, objectives and plans”  
4 For example King and Teo’s (1997) definition of joint development of strategies, senior management involvement, critical 
to success of business and Steenstrup’s (2008) indication it is an outcome of alignment 
Firstly, the contributions of integration researchers indicates, application to manufacturing, high-
technology, banking, finance, retailing, and insurance sectors and supply chains (for example 
Chaisson and Davidson, 2005; Straub et. al, 2004; Fawcett, et. al, 2012) to the exclusion of the asset 
data infrastructure context.  Steenstrup’s (2008; 2010; 2013),) framework has been developed for the 
asset infrastructure data context, referred to as Operational Technology (OT) by Steenstrup (2008), 
however is not empirically validated or share the same terminology as other integration frameworks.   
Secondly, interchangeable use of words relating to integration. For example, alignment is defined by 
Hoque (2005) as the state when technology supports and enables rather than constrains business 
strategies and Zimmerman and Fraser (2007) refer to the factors as parallels.  Teo and King (1997) 
agree but refer to the step as sequential integration and the work by Reich and Benbasat (2004) only 
refers to the one stage of alignment.  
Thirdly, existing integration theories incorporating factors influencing integration dimensions such as 
convergence and alignment, are not specific enough to be applied by asset infrastructure context to 
improve business performance through integration of technology, organisation and process factors.  
This is because the prior research, whilst highlighting factors, does not provide organisations with 
detail on when, how, why and whom should be involved in moving between the integration 
dimensions, particularly those organisations across the supply chain with asset infrastructure data 
integrating with other areas of the supply chain.  The applicability of factors such as whom should be 
responsible and if application of organisational theory factors, such as management input (Slevin & 
Pinto, 1987), training (Sumner, 1999), reliability and security (Zimmerman and Fraser, 2007; 
Kassikan, 2011;Kern, 2009; Barwick, 2012) to the context of end to end s digitally connected supply 
chain incorporating asset data and traditional information collaboration within organisations has not 
been addressed by prior research.  For example, Steenstrup (2008) differentiates convergence from 
alignment and integration by indicating vendors are only involved in the first stage by provision of 
information technology hardware used across organisations.   
Ettlie (1988) acknowledges the role of blue collar workers, engineering, generalists, marketing and 
vendors, whilst others such as Reich and Benbasat (2000) and Peppard and Ward (2004) indicate the 
importance of shared skilled resourcing between the business and information technology.  The 
engineering literature, provided as part of the asset infrastructure literature, on whom should be 
responsible, although mostly unvalidated, argues for engineers to be responsible for integration (Kern, 
2009; Weise, 1999; Fishwick, 1996) whilst others such as Haider (2010) indicate a joint approach and 
that this level of responsibility is lacking in organisational theory with the exception of Peppard and 
Ward (2004).   
3 RESEARCH DESIGN 
The following section describes the research questions and baseline framework derived from the 
literature review.  Method, statistical analysis and results are presented. 
3.1 Empirical grounding 
The specific aim of the research is to identify the integration factors applicable to the digitally 
connected supply chain context incorporating asset data context, through the integration theory lens of 
technology, organisation and people factors.  To achieve the aim a two stage qualitative research 
approach was undertaken because it allows for the extent integration is being applied in the social 
context of organisational practice (Chua and Garrett; 2009;  Myers, 1997; Kaplan and Maxwell, 
1994).   
Firstly, questions were developed based on the literature gaps of integration dimension terminology 
overlapping and influencing factors not explicitly defined for application the asset infrastructure data 
context.  A conceptual model of current literature, drawn from integration and asset infrastructure data 
literature and gaps appears in figure 1 below.   
Secondly, the questions were deployed using the the Delphi research method (Dalkey, 1969; 
Goodman, 1970; , Raskin, 1994; Hassoon et. al, 2000;Linstone & Turoff, 2002; Pare, 2013), chosen to 
cost effectively facilitate, through consensus of expert practitioner dialogue in a non competitive 
environment , understanding of the social context in practice (Sitt-Ghodes and Crews, 2004; Powell, 
2003; Turoff, 1970) to forecast (Dalkey, 1959; Gordon and Helmer, 1964; Cornish, 1977) in the 
information systems domain (Pare et. al. 2013), data validity and theory building (Mintzberg, 1979; 
Eisnehardt, 1989).     
 
 
 
 
 
 
Figure 1.  Conceptual research model of dimensions and literature gaps. 
3.2 Survey Design and Questions  
Survey questions were informed from the literature review identifying technology, organisation and 
people factors influencing convergence, alignment and integration dimensions. Question creation was 
based on the 5w method to study gaps in the existing integration theory, contextualised for the survey 
respondents by the description of the sole asset infrastructure based application by Steenstrup’s (2008) 
appearing in figure 1 above. 
3.3 Method of Data Collection (Delphi Study)  
Sixteen respondents ,drawn from asset intensive organisations that have professional information, 
engineer and IT staff and hardware or software that detect or cause a change through the direct 
monitoring and or control of physical devices, processes and events (such as Asset Management 
Systems, SCADA, telemetrics and geological monitoring GIS systems). consistently responded to 
three rounds of surveys, covering key Delphi components of brainstorming, selection and ranking 
phases as a means for consensus-building using a series of questionnaires to collect data from a panel 
of geographically dispersed participants (Pare et. al, 2013) were undertaken. Theoretical sampling of 
respondents as opposed to statistical sampling was used in the study to facilitate validity and 
reliability through replication as defined by Yin (2009), model building and applicability of 
information systems theory (Eisenhardt,1989; Benbasat, et al., 1987).   
3.4 Statistical Measures  
Several statistical measures described in table 1 below were used to measure consensus of 
respondents as there is no one agreed set of statistics to indicate consensus (Hasson, Keeney and 
Mckenna, 2000).  The mean (average answer on the Likert scale) was calculated to identify group 
response to indicate if organisations should always or never undertake a task. Measures of central 
tendency such as correlation coefficients, percentages, mean, median, and Inter Quartile Range (IQR) 
have been used to identify consensus in Delphi studies (Dalkey, 1969 and Linstone and Turoff, 2002; 
Santos, Araújo and Correia, 2012; Raskin, 1994; Rayens and Hahn, 2000; Von Der Gracht, 2008). 
Percentages were not used in the current research as the previous literature did not indicate 
consistency of the point range, ranging anywhere from 15% change in mean score between rounds to 
between 51% - 100% (Stitt-Gohdes and Crews, 2004; Hasson, Keeney, McKenna, 2000; Green et al 
(1999); Sumsion, 1998;   Loughlin and Moore, 1979 and Mckenna, 1994).   
When move, why, 
how and whom 
should be 
responsible? 
Technology, 
Organisation and 
People constructs 
influencing stages 
Operational & 
Information 
Technology 
Converge 
Align 
Integrate 
A standard deviation closest to 0 was calculated to indicate consensus polarisation by the respondents.  
The Interval Quartile (or interquartile) Range (IQR) was also calculated.  The Interval Interquartile 
Quartile Range (IQR) was calculated as this has been used to indicate consensus in original Delphi 
studies  (Dalkey, 1969; Linstone and Turoff, 2002) and recent studies in IT contexts. An IQR of less 
than 1 with closer to 0 representing higher consensus.  Consensus levels were identified as Strong, 
Medium, Low or No consensus based on a combination of statistics described in Table 1 below.  
 
Mean/Median Standard Deviation Interquartile Range Likert scale 
  
Strong consensus = above 8 
σ  
Strong consensus = less than 2 
IQR 
Strong consensus = less than 1 
1 = Never 
3=Sometimes 
5=Always 
Table 1. Descriptive statistics used to identify consensus and relationships between factors. 
4 RESULTS 
Thirty two people, process and technology related factors relating to the dimensions of convergence, 
alignment and integration were identified by survey respondents across three rounds of Delphi study 
and are presented in table 2 below.  The first round confirmed applicable dimensions and factors from 
the integration and asset related literature. Responses where thematically analysed, a Likert scale 
added and consensus responses ranked according to the statistics identified in table 1 for the 
subsequent rounds.     
 
Question Strong Medium Low None 
1 Convergence is an 
activity undertaken by 
vendors, alignment 
and integration 
activities by 
organisations 
(People factors) 
  Vendors converge, 
organisations align and 
integrate Vendors 
converge, organisations 
align and integrate 
(66%, (1.58, σ .92) 
    
2 Why do 
organisations align and 
integrate? 
(Organisation factors) 
Efficient exchange 
of data and 
management of 
information and data 
( 4.55, σ .52, IQR -
1); increased 
reliability ( 4.36, σ 
.67, IQR -1) 
Decreased costs (.55, σ 
.82, IQR -1); single 
platform 
( 3.09, σ .83, IQR 0) 
  Increased 
security(3.55, 
1.29, -1.5) 
3 How should 
organisations align and 
integrate? 
(Organisation factors) 
 
  Business analysis (4.36, 
σ .81, IQR -1); joint 
business effort (4.27, σ 
.679 IQR -1); 
standardised platforms ( 
3.64, σ .81, IQR -1) 
  Vendor 
involvement 
(3.45, 1.04, -1) 
4. What criteria would 
indicate organisations 
should move from 
converging to 
aligning? (All factors) 
  Hardware consistent 
but applications 
disparate ( 4.09, σ .7, 
IQR -.05); one size not 
fit all; business needs 
accounted for (4.36, σ 
.81, IQR -1); costs ( 
43.45, σ .82, IQR -1) 
  Only done by 
vendors (2, 1, -
1.5) 
5a. What are the 
technology success 
factors for aligning 
and integrating? 
(Technology factors) 
    Interoperable 
solutions 
solutions (3.82, σ 
.87, IQR -1.5) 
Acceptance of 
open source 
solutions (3.09, 
1.04, -2) 
5b. What are the 
organisation success 
factors for aligning 
and integrating? 
Agreed enterprise 
level architecture ( 
3.91, σ .54, IQR 0) 
Strategic vision (4.27, σ 
.47, IQR -.5); research, 
plan and execute ( 4.45, 
σ .69, IQR -1); open 
Robust 
framework (3.91, 
σ .7, IQR -1); 
systems thinking 
  
(Organisation factors) data and 
communication 
standards ( 4.18, σ .6, 
IQR -.5); manage as a 
project ( 4.18, σ .75, 
IQR -1); mutual 
collaboration (4.09, σ 
.71, IQR -1) 
analysis (3.91, σ 
.7, IQR -.5) 
5c. What are the 
people success factors 
for aligning and 
integrating?(People 
factors) 
  Input from all (4.27, σ 
.9, IQR -1); ease of use 
(3.55, σ .82, IQR -1); 
engineering and IT role 
to catalyse business 
change (3.64, σ .81, 
IQR -1) 
Appropriate 
training training 
(4.18, σ .87, IQR 
-.51) 
Acknowledge 
office of CIO 
(3.73, 1.01, -1.5) 
6. What criteria would 
indicate organisations 
should move from 
aligning to integrating? 
(Organisation factor) 
When data use 
requires it ( 3.82, σ 
.75, IQR 0); when 
IT/OT structures 
aligned ( 3.82, σ .75, 
IQR 0) 
When market 
competitiveness 
requires it ( 4.36, σ .67, 
IQR -1) 
By organisations 
not vendors (2.36, 
1.21, -.5); when 
cost not an issue 
(3, 1.26, 0); when 
standards aligned 
(3.82, .98, -1.5) 
When business 
and IT have 
consensus (3.91, 
1.14, -1.5) 
7. How can 
information 
governance facilitate 
integration of OT & 
IT? (All factors) 
  Facilitate enterprise 
level technology 
change coordination ( 
4.18, σ .75, IQR -1) 
Governance 
informs strategy 
(4.09, σ .83, IQR 
-1.5) 
  
8. Is IT or Engineering 
best suited to to align 
or integrate OT and 
IT? (people factors) 
Combined ( 4.73, σ 
.47, IQR -.5) 
IT (3.5, .97, -1); 
Engineering (2.78, .67, 
-1) 
    
Table 2. Delphi study findings of OT and IT integration challenges for organisations 
controlling and managing assets, integrating data with information from consumers 
and business systems  
From the thirty two factors identified by respondent consensus, twenty four factors were of high 
consensus, identified by high median, IQR, means and standard deviations.  Such factors facilitated 
the development of the preliminary integration model for the asset infrastructure data context 
incorporating technology, organisation and people factors appears in figure 2 below. 
Attachment A.  Interim framework for integrating technologies in infrastructure data contexts 
5 DISCUSSION 
The specific aim of the research is to identify the integration factors applicable to the digitally 
connected supply chain context incorporating asset infrastructure data context, through the integration 
theory lens of technology, organisation and people factors.   
The unique research contributions are discussed in the next sections and include; 
1. Practitioner based, empirically validated, framework applicable to the asset data infrastructure 
context across the supply chain covering definition of convergence, alignment and integration 
dimensions, whom should be involved at which stage, when and why organisations should move 
between the dimensions and characteristics of each stage 
2. Identification of integration success factors specifically applicable to the supply chain context 
incorporating asset infrastructure data context 
3. Confirmation of Straub’s (2004) identification of information and data management as a key 
factor for why organisations integrate. 
  
 
 
  
 
 
 
 
 
 
 
 
LEGEND: 
Delphi study high consensus factors 
Highest ranking Delphi study consensus factors^ 
*Highly correlated constructs (p=.019;r2=.68; r=.9; f=.036 
 
CONVERGE 
ALIGN INTEGRATE 
SUCCESS FACTORS 
Technology 
Interoperable solutions  
Organisational 
Agreed enterprise level architecture 
Strategic vision (IT/SCADA strategy) 
Research, Plan, Execute 
Open data & communication standards 
Manage as a project 
Mutual collaboration 
Robust framework 
Systems thinking analysis 
People 
Input from all 
Ease of use 
Engineering and IT role to catalyse 
business change 
Appropriate training 
HOW 
Business 
analysis* 
Joint business 
effort 
Standardised 
platforms 
WHY 
Efficient exchange of 
data^ 
Efficient management 
of information and data^ 
Increased reliability 
Decrease cost 
Single platform 
WHEN MOVE 
When data use requires it 
When IT/OT structures 
aligned 
When market 
competitiveness requires it 
When cost not an issue 
When standards aligned 
WHEN MOVE 
Hardware consistent but 
applications disparate 
One size not fit all 
Business needs 
accounted for 
Costs 
Organisation (Engineers and IT combined) responsibility Vendor responsibility 
Information Governance facilitates enterprise level technology change coordination across framework 
Figure 2. Information Governance Framework for 
integrating Operational and Information 
Technologies 
  
 
5.1 Convergence, alignment and integration responsibility (people factors) 
Results confirm Steenstrup’s (2008) indication and Ettlie’s (1988) acknowledgement of vendors, 
specifying vendors undertake converge (of hardware in the context of Steenstrup’s model) and 
organisations undertake align and integrate dimensions.  More specifically the results confirm with 
the highest consensus ranking of all factors that a combined effort between engineering and 
information technology staff is the best approach to resourcing integration efforts.  The literature 
highlighted that security and reliability expectations differed between the two resources, with 
reliability (often the domain of engineering) ranking highly and security (often the domain of 
Information Technology) not achieving practitioner consensus.   
5.2 Why align and integrate (organisation factors) 
The importance of information and data exchange as the outcome of integration identified is 
reinforced by the research results indicating efficient data exchange and integration of information as 
the second highest overall factor, confirming Dean and Snell’s (1991) and Straub’s (2004) references 
to information integration.   
 5.3 How to align and integrate integrate (organisation factors) 
The results provide an empirically validated description of convergence, alignment and integration 
dimensions uniquely for the supply chain context incorporating asset infrastructure data context and 
which factors are the most valuable indicating a successful path to integration.  Organisations ideally 
should undertake business analysis through a joint business effort and agree on standardised 
platforms, identified as open data and communication standards.  Whilst Steenstrup’s (2008) 
convergence stage characterised by hardware consistency was validated, the current research uniquely 
identifies organisations should move to alignment when hardware is consistent however applications 
are disparate and when costs and business needs are accounted for.  Unique contributions also include 
organisations move from alignment to integration when data use requires it and OT /IT structures 
(such as standards) are aligned.  The findings on moving to integration also include moving when cost 
is not an issue, contrasted to Zimmerman and Fraser’s (2007) existing findings of cost reduction in a 
manufacturing context and Reich and Benbasat’s (2000) alignment of business and IT factors.  The 
consensus of when market competition requires validates the existing integration literature such as 
Leavitt and Whisler (1958), Rockart and Morton (1984) and Ketokivi and Schroeder (2004), as an 
important factor in the supply chain context incorporating asset infrastructure data context.    
5.4 Technology, Organisation and People success factors 
Interoperability was of low consensus in the current study, contrasting to the addressing of the factor 
in the asset literature.  Organisational factors such as strategic vision highlighted by Mendoza (2006) 
and Anthony (1965) and connection between business and IT Planning identified by Benbasat and 
Reich (2000) were confirmed for the OT context. Unique contributions to the success factor literature 
for the OT context includes agreed enterprise level architecture, research plan and execute, standards, 
project management and mutual collaboration with several factors having similar responses to other 
questions.  Although people success factors such as management input and training rank highly in 
existing integration research, cross sharing of skills and skilled resources were the closest identified 
factors, however of low consensus.   
6 CONCLUSION 
Further research is required such as validating the factors and relationships between them by 
conducting case study research.  Case study research may overcome limitations of the sample size and 
clarify technology, organisation and people factors such as what ‘efficient exchange of data and 
management of information’ is, standards and architecture agreed on and how organisations overcome 
differences between engineering and technology staff  views of security and reliability.  The research 
set out identify the integration factors applicable to the digitally connected supply chain context 
  
 
incorporating asset infrastructure data and information contexts, through the integration theory lens of 
technology, organisation and people factors. The paper describes the gaps of existing integration 
theory, research method and consensus survey response rankings and proposes an integration 
framework for the infrastructure context, therefore providing unique insights to extend existing 
integration theory dimensions and factors.  Furthermore the research suggests limitations of the 
research that can be further explored and validated by case study research. 
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